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relaxation is now peing studied by the method of continual saturation and 

by the pulse method. Fig- 1 shows 4 block diagram of the spectroscope with 
which the spin-lattice relaxation time was measured by the pulse method. 

The klystron K, with a sequence frequency of 100-0.1 ops furnished pulses 

of 25 psec aurdtion with an efficiency of 1.5 Wy, the klystron Ky operated 
at_9400 Mo/sec. Fig. 2 shows an oscillogram of the relaxation curve of the 
Fe-t ions. The spin-lattice relaxation time was for both concentrations at 
4.2°K equal T, = (4.9 4 0.4) +1074 sec, the spin-spin relaxation times were 

a 


1.491070 and 0.66+1078 BeC, respectively. By the method of continual sat- 
uration, the same values were obtained for both concentrations at 2.1°K: 
m, = (1-6 + 042) +107 sec. From the data the conclusion ie drawn that at 
helium temperatures » the spin-lattice relaxation does not depend on con~ 
centration, and is inversely proportional to the fifth power. The strong 
temperature dependence indicates that at helium temperatures, processes of 
pecond order play the main part. For the purpose of confirming the temper~ 
ature dependence law, the line width at 0.21% concentration "58 measured 
within the rage of 4.2-40°K and it was found that the m-5-law holds up to 

+" 0.64 TT) secs provisional studies (by the pulse method) 


APPROVED FOR RELEASE: 06/15/2000 


CIA-RDP86-00513R001343120011-5" 


"APPROVED FOR RELEASE: 06/15/2000 


CIA-RDP86-00513R001343120011-5 


ee re) ee ae : 8/056 61/040/001 /008/037 
i Measurement of the spin-lattice .... B102/B204 


of the cross relaxation of the lines of the two non-equivalent ions produced 
no. result; .which is ascribed to the short cross relaxation ‘time. Thereupon, IC 
_. the problem was ‘studied whether a eross relaxation exists at all in the . 
“ given case; the specimens used for this purpose had a Felt ion concentra- 
i. tion of 0.46%. It'was found that a strong cross relaxation exists between 
the lines of the two magnetically non-equivalent ions. Also the’ relaxation 
“< processes in K,Cr(CN) ¢ with a Cr 3+ concentration of 0.24% were studied. 


The relaxation curves at 4.2 and 2.1°K turned out to be representable by the 
. sum of two exponents with highly deviating characteristic times: the time 
., 0f the one exponent was temperature-independent and equal to 4.51074 sec, 
“ that ofthe other was proportional to temperature and at 4.2°K equaled 


1 146991073 Sec, 90 that also in this case the existence of a cross relaxation i, ; 


"was proven. The authors finally thank R. P. Bashuk and A. §. Bebchuk for 
'.” placing the orystals at their disposal. There are 2 figures and & refer~ 
ences: -2 Soviet-bloc and 7 non-Soviet-bloc. 
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Electron paramagnetic resonance of the y3+ ion in corundum. Zhur. 
eksp. i teor. fiz. 40 no.4:1016-1018 Ap ‘61. (MIRA 14:7) 


1. Institut yadernoy fiziki Moskovskogo gosudarstvennogo 


universiteta. 
(Paramagnetic resonance and relaxation) 


(Corundum--Electric properties) 
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no. 5, 1961, 1384-1386 


i i “war diati can ve in- 
TEXT: The sensitivity of receivers for long-wave raciavion Ca ii 


fe) 
i i visibl ltraviolet light. ‘ 
proved by conversion of quanta ints yeas scoala aa Butea 
Incident radiation of frequency “5, wiv auxiliery radiation of frequency 
: j j ag TL = w se, (see Fig.)- 
Vz. may give rise to quanta Rig vith 34> 30 2% ( g-) 
= Rt + + — tnt wv 
i ; The numbers of varticies in the energy svaves 4, 
s and b, ware calculeted oy virtue of the transition 
BY - 
t probavilities with and without an external field. 
2 4 Thus, the author obtained 
S 
> 
75 E, 
Card 1/4 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5 


aera Se A Beg PEE TOSS aay Lg eR eT RES De eee ES eee re AIT eR Sl a a a 


Quantum counters 


2 2. 70 
ny = Ae! + Bet# + nh, 


G2 — A 4 0 
O1— 911 part G2 Ett pat + 19, 
ng =A et +B aa 3 (2), 


i 


acingsh bE ' 
20 
as had : (ax. +422) + 3 (aun — 22) ant} 


Gy 
nia (1 + Gz (2 Wa2)/(@ird22 — Gy202)} 2, 


= — ay Wy + W,,) nf (@u@22 — 42023). 


0 (3) 


— 


and ee betes ; a 
ay = — 2Wyz — On — Wo Oy, = Wa, — Way Win 


as. = — 2Ws2 — wa — Ws, 


an = Waz. (I) 
i { - t umber; %,, and Wy.- 
(n, - nunber of particles in the i-th state; a total n fg ene Nase 


Card 2/4 
a [4 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5" 


"APPROVED FOR RELEASE: 06/15/2000 


Page ENTS ETT Ore EE Ee u af = 
a CIA-RDP86-00513R001343120011 


SEA Et qenemroraE ts 
] EISEN OI 


Ah?il 
3056/68 /Osusrce sort sO™ 
Guantum counters Bi:t/BEus 


transition probabilities with and without radiation. regpestivery.) Yr: 
7 aa f 4 ‘ 
steady gtates one has ni = (wy ota) A/a on the condition that 
‘s 4 


EanyWoz28 9 © u.. & Viggh Ta = "and Wy; = Faz * go, Tne number of quanta 
Ge ae alg Bt yo) 32 z2 15 ia 4 . 

vat ms + . a hae 3. ~~ is ey: he Yr 
spontaneously emitted from ke to BE, is given by N = AzWa. = (Ry Mag )He 


Even without radiation. #& “dark background of radiatien Hy, = tie. g wit 
S da ? 


quantum emission ia left over. The sensitivity of the rece: ver reaches 


mavicun when ne. 5% N , where N23 the least number af transitions 
12 mT min 
that can be pecordsd. Considering the fast that tne quanta hv,, are 
4 a c 

‘ =e € @ , 

practically all absorbed. one finds m + 8He av/8n -%,- deel ere 
ake 

is the iine width. Ibyy sane element of the transition matr:- and 3 7ne r 
eurface area of the specimen. In deriving n, 1% was aysumed that the 
specimen 1S penutrated once by the radiation: However. wf the pediation 
ve reflected from the specimen, the expression for n +8 tc be multipired 
by a factor (t.«). where k is the reflection faczor. tne derivetion 


card 3/4 


APPROVE : 
D FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5" 


-5 


Raat ae bt 


"APPROVED FOR RELEASE: 06/15/2000 


CIA-RDP86-00513R001343120011-5 


rami edad —— : =. 


24711. 
$/056/6' /04G/005/'57 079 
quantum counters Bt11/B265 


was performed with the use of a formula from Rer, 2 (A. \. Proxhorov 
ZhETF, 34, 1658, 1956). Assuming that Wy, = 0 and Tyres. aaa 
W,5 can be written as wy. = T, exp ( -hv,, /kT) where T, stands for the 
relaxition time. In order to have the least pessibie vaiue of w,, so that 


emperature must be gu fentay 68s AP Ray He Wane d Li 
nW,, Nin’ bemperature mus be sufficiently iow. ey Mg ye Hwa 


be proportional to the signal strength, If W¥,,% #,, aoe the relsxation 


32 


time, t, is equal te 27 Ws with ° being always greater than tne Lifetime 


ry 


un the excited state. ‘There are 1 figure and 2 references: 
and 71 non-Soviet-bloc. 
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AUTHORS: Xorniyenko, L. S., Prokhorov, A. if. : 
TITLE: Electron paramagnetic resonance of the Fe? ion in corun- . 
dum 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiaiki, v. 40,. 
no. 6, 1961, 1594 - 1601 i 


TEXT: The authors of this paperdiscovered the paramagnetic resonance 
spectrum of the Fe’t ions in corundum in 1957 (ZhETF, 33, 805, 1957), 

and later showed that this makes corundum a suitable material for the 
manufacture of paramagnetic amplifiers (ZhETF, 36, 919, 1959). In this 
connection, more accurate studies of the electron paramagnetic resonance a 
(e.p.x.)of iron’ions in corundum have now beén,caried out. e.p.T. spectra 
are very precisely measured for the cases of ‘normal and parallel orien- 
tation of the trigonal axis of the crystal with respect to the external 


magnetic field at frequencies of (9% - 10)+10%cps, and temperatures of ‘ 
290, 77, 4.2, and 2°K%, The values of the constants of the spin-Hamil- 
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tonian at various temperatures could be determined from these measure-' 
ments. Direct measurements of the initial energy splittings of the 

ground state levels (for zero magnetic field) were also made at 290, and 
4.2°9K, and the spin-lattice relaxation time qT, at 4.2°K was determined, 


The concentrations of the paramagnetic iong . the samples, studied a-'_ , 
mounted to 0.02 and 0.0024. As was shown in a previous paper, the e. p. : 
of ined’ po 


Tr. spectrum of the Fe *ions can be explained by means of the spin-Hamil- 
tonian ‘ mes 
i = OHS + DIS —15(S 41) +4a18 484 Iss NASH | 3. vee 
+95 — 1+ fF (9581 —s05 (8 + N88 4.2585 —65(8-+1)+ MMe. 34 
+39(S$ I, (1) 


(ge is the ‘spectroscopic splitting factor yhen the splitting is assumed 
to be isotropic, 7 is the Bohr magneton, S is.the electron spin operator, 
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S, ere the operators cf the projections to the corresponding axes with 


the eigenvalue 5 - cubic crystal field constant. and D and 
are the trigonal crystai i ke NNN The coordinates* ,* ,° corre- 
spond to the cubi¢e rresponds to the trigonal one (which 
coincides with the | f ese in the system’ ,° ,° de nhs Euler 
angies for the trans S ne system of coordinates to the other are 
determined. dimensio 3 COE nts are introduced. and the diaronai 
ws 


matrix for the ‘operatoa tem Al3+ is given. 


Tadl 
tion and * concen 
widths of 


dependent = 

fr requency de pend 

measurements at aq ¢ 5: ; ; : the 
constants of the s i i .an: HeaSur omen ye of the e.p-T. 
were also made ror } at 290°K and a pnaramagne 


o 


concentration cf 0. ; Y ‘rom these measurements et the 
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possible divergences of the spin-Hamiitonian constants from the values 
given in Table 2 lie youre the experimental error. It is seen that the 
constants D, a-F, and ‘a’ inerease at the same rate with decreasing 
temperature, while g remaing pract: caily constant. ‘The rasuits are in 
good agreement with those of Bogie and Simmons except tor la:. 


Table 2 


anes $$$ 
ues of the constants or the spin-Hamiltonian for- 
the Pe?+ ion in corundum 


““Zg00K. SO SCSTOK er oa 
g | 2 0030+0.0006 | 2.003240.0007 . 2.002940 .0007 
D. oe | +1796.440.4 +1836.240.6 /  41838.5+0.6 
a - F, ce i + 353.2+0.4 '  4362.,640.5 + 362.74+0.5 
a, oe 248.74+1.0 ! 254.14105 ; 2535-54105 
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The experimentally observed spectrum for perpendicular orientation can 
also be described by the Hamiltonien (1) and the constants from Table 2 
(for parallel orientation!). The energy level difference corresponding ~ 
to the resonance transitions can be calculated from that experimental 
value of the resonance field. A comparison of experimental and theoreti-~ . 
cal results is made in Table 3, Direct measurements of the primary 


splittings (ground state (°S) spin double} at 290 and 4.29K gave the 
following values: 


T =: 20° K T= h.2°K 
Ay, saz: 1176824 (11759 £6) 42046413 (1204426) 
As, mzey: 18873211 (188666) 19298+ 3 (1929146), ; 


4, 43 the energy difference between the middle and the lower doublet, and + 


A, that between the upper and the middle doublet (in Me/sec). The values | 
in parentheses have been calculated with the help of the constants of the 
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spin-Hamiltonian at h=0 according to the equation 


ee ee ee ey 


4 
\ 


3 i 
Bo D- S(a - F)i ; 


= ¥ BD + za - r) * + = ae + 


U,-measurement gave"for a Fe2+ concentration of 0.002% the value of 


(1241) 407 sec, and for 2 ret concentration of 0.02% the value of . AG 


(841)-107? sec. The authors thank 2, P. Bashuk,- and A. S. Bebchuk for 
supplying the samples; G. 4. Feshchenko (deceased) for discussions; and 
y. A. Kozlov, and N. G. Slovetskaya for help in measurements. V. M. ‘i 
Vinokurov, M. M. Zaripov, and N. R. Yafayev are mentioned. There are BA. 

3 figures, 23 tables, and 10 references: 3 Soviet-bloc and 7 non-Soviet- . — °- 
bloc. The most important references to English-language publications 
yead as follows: M. H. L. Pryce. Phys. Rev. 80, 1107, 1950; M. J. D. 
Powell et al. Phys. Rev. Lett., 5, 145; 1960; G. -S. Bogle, H. ¥. Simmons. bees 
Proc. Phys. Soc. 73; 531, 1959. : 5... 
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versiteta (Institute of Nuclear Physics of Moscow State 
University) ~ 


SUBMITTED: January 4, 1961 


Legend to Table 1: 1) temperature, 2) frequency in Mc/sec, 3) resonance 
values of the magnetic field (in oe) corresponding to the given tran- 


sitions. 


Pesamancupe suauenna MarnutHoro non (Oc), coornetcTsy10- 
Tesnepa- | Uacrora, uute pasaninus nepexogas 
typa, °K MEL 


2a 4 


752,5 | 3089,3 3595,6 7624,8 

(752,5) *) (3490,5) | (3595,3) | (7624,6) 

778,8 | 3589.3. | 3058,5 

(778,7) | (3587,7) 

779,4 | 3592,8 : ; 
(779,8) | (3592,5) | (3662.5) | (77980) | (10375,7) .- 
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AUTHORS: Menenkov, A. A., Prokhorov, A. M. . 


ane T ee 


TITLE: Paramagnetic resonance of vn?* in srs 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki; v. 40 | 
no. 6, 1961, 1606 - 1609 oo 


TEXT: The known fact that the ground state (®s) of the Mn°*ion with zero 
orbital. momentum suffers no splitting in the first approximation due to 
the crystal electric field; and that experimentally, however, in many 
erystals even large splitting is observed (which “is attributed to an 


admixture of higher states to °S) were the reasons for undertaking fresh © 
investigations of the behavior of this ion in the crystal field. The 


authors investigated the paramagnetic resonance of Min?* in the crystal 


field of SrS which crystallizes in the cubic form. The samples were. 


polycrystalline and contained about 0.05 % Nin-*ions. The measurements 
were made at room temperature, and at the temperature of liquid nitrogen 


Card 1/6 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5 


Sperone Serer urns eer a 
, feel CGR 
5/056/61/040/006/007/031 ser 
Paramagnetic resonante of... B102/B214 i x 


“or Y = 9300 Mc/sec. The spectrum observed at both temperatures consisted 


i 

| 

of six groups of hyperfine-structure lines corresponding to the nuclear t 

: ! 

-spin .of Mn2? : I = 5/2. The general character of. the spectrum at 300 | 
- and 779 K was the same. However, a closing together of the lines and a fie 
small increase in the nyperfine-structure constant was observed’ on transi-| ig 
tion to 779 K. The observed spectrum is described by the spin-Hamiltoni- me 
an: 45 - 
He = gous + ASi+ ta[8i+S48:-—4 SIS +1) 387-1), 1) » | 5 
; ‘ . . = | ° 50.- 

The first term herein describes the interaction between the electron | 
spi. S and the external magnetic field H, the second term gives the i 
interaction between $ and. the Mn? nuclear spin i, and the third term that | = 
between S$ and the -cubic crystal field. A perturbation - theoretical 7 ear 

erlculation taking into account terms of the third order with respect to | 
| — 
Cird 2/6 | a 
20. 
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the hyperfine interaction, and terms of the first order with respect to 

the constant of the cubic crystal field gives for the magnetic field 

strength at which the absorption line corresponding to the transition 
“M -M - 1 is observable: 


H=Hy—Am— AY (+1) — mt + m (2M —~1)) + 
+ AS (S +1) —M(M +1) +2M(m— MEE + 1) — mm — 1) — 


—{(S(S + 1) —M(M—1) +2(M—1)(m—M 4 .2)] x 
x (E41) — mlm + 1) + Fa, M), (2) 


0 for the transition M = 1/2 + - 1/2 
3/2 - + 1/2 
+ 


5/2pa for ‘transitions M = + 
2pa for transitions M = + 5/2 « 


Here H, = hv/ef}, and F(a,M) = 


Hl lt 
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p=i- O= Tne nang rae 1, m, n are the direction cosines of the 


angle which the magnetic field makes with the cubic crystal axes. he is 
evident from it, the displacements of the second and the third order’in 
the hyperfine structure depend on the electronic transitions, and the 

- magnitude of the splitting increases with increasing m. For the two 
outermost groups of lines (m=+5/2) all the five lines are well resolved. 
The comparison of the observed spectrum with the formula (2) gives the 
following expression for the constants of the Hamiltonian: 


g = 2,0009 + 0,0005, A =(75,4+0,2)- LOteart, a < 1,410 car 
ze fer T= 300° Ky - - f° 


g= 2,0010 + 0,0005, A=(77,0£0,2)-10‘cu™, a < 1,2-10~4 ca? 
fen T=T77 K. : 


| 
| 
i 
i 
| 
| 
| 
| | 

In the case of the best resolution (m=5/2) the line width of the transi- | 
tion is: M = 1/2 - -1/2 2.8 G (300°K) and 1.9 mete for the transi- | 
tions M = +'3/2 - +1/2 and M = +5/2 + +3/2 5.6 G (300°K) and 4.3 G (77%K).: 
: 
i 
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The constant of the cubic field (a) was determined from the anisotropic 
proadening of the lines M = +3/2 4 +1/2, MH ~ 5/2Apa. g and A are deter- 


mined by a comparison of the position of the lines M = 1/2 + -1/2 having 
the minimum width with the formula (2), The spin-lattice relaxation time 
was estimated from the dispersion of the lines M = 1/2 2 -1/2 at room 


temperature, and at 77°K, the value found being 5-10 7osec. The contri- 
pution of the spin-lattice interaction to the line-width is negligible. 
The intensity ratio of the lines M = +5/2 9 +3/2, M = +3/2 2 1/2, M 

= 1/2 > -1/2 agrees well with the theoretical result: 5:4: 9: 8: 
if the line-width is taken into account; The hyperfine structure constant 


+ 2 
A for Mn?* in SrS is considerably smaller than that for Mn* in CaF. 


gS 
? 


This is related to the covalent character of the vin?* binding in Srs. 
There are 2 figures and 5 non-Soviet-bloc references. The most important 
references to English-language publications read as follows: kK. Stahl- 
-Brada, W. Low. Phys. Rev. 116, 561, 1959; W. Low, U. Rosenberger. Phys. 
Rev. 116, 621, 19593 H. Watanabe Progr. Theor. Phys. AO 9- A0Ss, 199s 
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AUTHORS: Konyuxhov, V. K., Pashinin, P. P., and Frokherov. 4. NM. 
PReibiaon area Se 
TITLE: Study of the paramagnetic electron resonance snd the optical 


spectrum of the Yb°t ion in CaP, 


PERIODICAL: Fizika tverdogo tela, vo. 4, no. 1, 1962, 246 ~ 248 


TEXT: The paramagnetic electron resonance spectrum was observed abt three 

frequencies in the centimeter and millimeter wave ranges. The spin-lattice 

relaxation time was measured at helium temperature. The Yb concentrations 

in Cdk, single crystals reached 0.155 by weight. Two lines of the transi- 
A+ 


tion "Pa fe 9 *P5 0 were detected in the far infrared of the Yb“ absorp- 


tion spectrum at 0.961 and 0.972 p. The splitting of the ground state was 
estimated from changes in the g-factor of the spectroscopic splitting. The 
distance between the lowest ground state ro and the next level rs of the 


ground state was 21.1+0.4 em, The spin-lattice relaxation time Tyan 
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the range of helium temperatures is inversely Proportional to the tempera- 


65740. 
qT 


ture: fT 1074 sec. As this result wag obtained by two 


different techniques (pulse technique and method of continuous Saturation), 
a two~level system was assumed. L, MK, Belyayev, Kh. S_ Bagdasarov, and 

Vo Ya. Knaimov-Mal'kov are thanked for having grown the Single erystals, 
There are 5 references: 2 Soviet and 3 non-Soviet, The three references 
to Snglish-language publications read as follows: W. Low. Phys, Rey., 118, 
1603, 1960; Phys, Rev., 169, 265, 1958; Gc, Kittel, J. M, Luttinger. Phys. 
Rev., 73, 162, 1948. 
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8/181/62/004/002/013/054 
247900 (SS 4Y, 1163) B102/B138 
AUTHORS: Manenkov, A. A., Milyayev, V. A., and Prokhorov, Aa Me 
TIPLE: Relaxation times of cr?* and Fe’? ions in rutile single 


crystals 
PERIODICAL: Fizika tverdogo tela, v. 4, no. 2, 1962, 388 ~ 391 


TEXT: The pulse saturation method (9400 Mc) was used to study spin-lattice 


: + 
relaxation for Cr? 


betweer 100 and 0.01 msec, in order to. find the reason for the existence 

of spin-spin cross relaxation effects. With no cross relaxation, the 

Curves describe spin-lattice relaxation only and are independent of puisa ox 
duration. The single crystals investigated were grown by the Verneuil 

method. In all experiments crystal orientation was such that the external 
magnetic field was perpendicular to the c-axis and coincided with one of 

the a-axes. With saturation pulses of 100-50 msec the relaxation curves 


of rutile with cr?t impurity were found to consist of two components: 
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Relaxation times of Cr°* and Fe ai B102/B138 


. -t/T -t/T, , , ; 
LG). = TO = Aye / ues A,e if 1; A, + A, = -I)) where I(t) is the lina 


intensity at a moment of time t after the end of the pulse, I. - equilibrian 


line intensity, The following spin-lattice relaxation times were calculated 


\X 


for the crot lons: 


The weak temperature dependence of the transitions %¢.4 and 3 %o4' can ha 
2xplained if the lower levels 1,2 and 1',2' take part in these transitions. 
Por the te >2 transition cross-relaxation was observed With pulses of 0.04 


y 


msec duration. In this case, besides T, and Ty, the relaxation curve al 


2 
SG 


Card 2/3 


1-5" 
APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R00134312001 


peice dab es pl ahr 


7 ES 


"APPROVED FOR RELEASE: 06/15/2000 


=e ote 


8/181/62/004/002/013/051 
B102/B138 


4+ 


: ds 4+ 3+ 
Relaxation times of Cr? and Fe?" _. 


contéing a "fagtt exponent Ti y«t,, Tie For Fe?” relaxation wag 


On géveral paramagnetic resonance 
The relaxation times for the lines ot ini d~2 msec. 
Ty and et were between 3.5 and 6 Cross relaxatior: 


W248 Gis0 observed with Shert pulses, RK. p, Bashuk and A. 3, Bebchuk were 
thanked for the preparation of the rutile Single crystals. There are ? 
figures, 1 table, and 5 references: 4 Soviet and 4 non-Soviet. The four 
references to English-language publications read as follows: H. g, 
Gerritsen et al. Phys. Rev. Lett. 2, 153, 19593; H. g, Gerritsen et al, j. 
Appl. Phys., 31, 1566, 1960; 4, Okaya et al. Bull. Am. Phys, Soc, 5, 73, 
19603 Js He Van Vleck. Phys, Rev, 27, 426, 1940; J. H, Pace et al. Proc. 
Phys. Soc. Bly 2575: 4961, 


ASSOCIATION: FPizicheskiy institut im. P. N. Lebedeva AN SSSR Moskva 
(Physics Institute imeni p, N. Lebedev As USSR, Moscow) 


SUBMITTED : August 14, 1961 


Card 3/3 


0011-5" 
APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R00134312 


| "APPROVED FOR RELEASE: 0 


/15/2000 


Oa iivse J: 


CEA RDRSO OS toROOE Stet 2001 TS 


34231 
Shey ee enieneetie 

= B102/B138 
24,9400 (10851144, "6 3) 
AUTHORS: Zverev, G. Me; Korniyenko, Lo Ses Prokhorov, A- M.;, and 

ea ee ae ara 

Smirnov, A. I. 

TITLE: Electron paramagnetic resonance and spin-lattice relaxation 


of the gr’? ion in a CaF, single crystal 


PERIODICAL: Fizika tverdogo tela, Ve 4, nO- 2, 1962, 392-395 


TEXT s Er’? was introduced as an jsomorphic impurity into cdF,s in which 


the fluor ions form a cubic lattice, the Cd ions being in the centers of 
cubes formed by the anions. The prt ions replace Cd ions. The @. Pec To 
meesurements were made at 4.2°K; with several different frequencies and 


for an gr’? concentration of 0.1%. The following spectrum parameters: 
were determined: 
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Electron paramagnetic resonance and .., 


V, Mc/sec g A, oe 


9500 6.758+0.010 7320+1.0 
25800 6.745+0.005 - 
72000 6.735+0.005 73.9+1.0 
The frequency dependence of the &-factor is due to the contributions of 


the wave functions of the excited states, The field-induced change of 
the g-factor can be determined by using perturbation theory; 


on [ AEE C13 | aS | 


&, is the g-factor at H=0, /\. - 
nearest upper level of the state group (2); 
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8/184 /62 lara recs fore sfo5: 
Electron paramagnetic resonance and ... B1i0z,. : 


<1 and |2) denote the ground and excited states. 


. -2 0-4 : ‘ : , me : 
= (2.31+6.03)+10 cm oo. Spin-lattice relaxation was studied ay tra 
ontinuous saturation method and by the pulse method with 3.2 em waves. 
he temperature dependence of relaxation time T was determined hy saveral 


ra 0 2 


methods, e. g. between 16 and 18°K from epr line broadening, Thou,sh 
S. A. Al'tshuler has developed a theory of spin-lattice relaxation of 


44 


rare-earth ions, (2nE?PP, 24, 691, 1953), the experimental results for br 
ions in a cubic lattice can only be explained qualitatively. at 

fo) -1 : . Ze 
T(4.2 K, UT , at higher temperatures tne course of t,(T)} cannot be 

; . ‘ -n ES 4 
described by an exponential law of the Un? type. This is due to 
anomalies caused by other bi- and trivalent fons. L. Me Belyayev. 
Kh. S. Bagdasarov and V. Ya. Khaimov-Mal'kov and PB, PP. Pashinin are thanked 


for nelp. There are 1 figure, 1 table, and 13 references: 5 Sovie: and 
8 nen-Seviet. The four most recent references to Englisa-lan.uag 74 


a) 
publications read as follows: 4X. Dvir. W. Low. rroc. chys. Sot., 75 
1990; W. Low. Paramagnetic Resonance in Sclids. p. 130, New York - 
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(Nuclear spin) 
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8/109/62/007/002/016/024 
D256/D303 


AUTHORS ; Karlov, NeVo, and Broknorov, AuW. 


TITLE; Sensitivity of quantum receivers of electromagneti: 
radiation 


PERIODICAL: Radiotekhnika i elektronika, vo 7, no. 2, 1962, 
328 - 331 


TEXT: The following properties of quantum amplifiers and counters 
are discussed: 1) The set noise of the devices according to the re- 
ceived frequency range for monochromatic as well as continuous ra~ 
diation; 2) The role of the external thermal radiation. Here the 
spectral density of the noise at the input and the resulting power 
of the noise at the output are considered in dependence upon the 
pass-band of the amplifier, and expression tor the minimum detecta- 
ble spectrum density are given for -continuous as well as monochro- 
matic radiations. It is pointed out that mono-chromatic radiation 
detection became important in connection with the recent deveiop- 
ments of quantum light-generators; 3) A quantum amplifier is compa- 
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! proposed by J. We- 
567) for the infrared region 
consideration of paramagnetic = / 


3; 5) Expression 
Signal photons detectabl 
presence of background, ag well as the cor 
sities, for both thermal 
tion. The se 
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1958, 72, 468, pt. 6, 1037; J. Weber, Phys, Rev., 1957, 108. pi er 
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tute of Physics im. Lebedev, 4S S083 
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S/056/62/042/001/003/o0z8 


A4Y:7906 (VOS SMYY /1163) B125/B108 
AUTHORS: Korniyenko, L. S., Pashinin, P. P., Prokhorov, 4. 3. 
ie a eehes 


: : jt. 
The spin-lattice relaxation time of the ni? ion in corundum 


PERIODICAL: Zhurnal exsperimental'noy i teoreticheskoy fiziki, v, 42, 
no. 1, 1962, 65 - 66 


TEXT: The time of spin-lattice relaxation of the pirt 

was measured with the method of 

temperatures by means of an appa i y P. P. Pashinin and 
A. M. Prokhorov (ZhETF, 40, 49, 1961). Parlier estimates by L. S, 
Korniyenko, A. M. Prokhorov (ZhETR, 38, 1651, 1960) have yielded a 


general form of the temperature dependence of Ty. A saturating pulse of 


10 - 20 microseconds with a peak power of _ 
sag in the epr line. ‘The external magnetic 
trigonal axis of the crystal. B5 

four modulation (50 cps) periods 

Observe the behavior of the sag i 

The first epr line corresponds to 
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The sag of the paramagnetic line observed at the subsequent passages cf 
the magnetic field through resonance is less than 5 oersteds wide. Ics 
depth decreases with the characteristic time t= (5 t 1)-107* sec, If 
the width of the sag remains constant during observation, +t is simnly the 


time T, of spin-lattice relaxation. > 7 in the case that the sag width 


decreases (not observed in the present experiments) owing to crogs 
relaxation within the line. No sag in the line was observed at 4, °% 
since the saturation power was too low. ‘The appearance of a sag in the 
epr line at 2K under the action of a brief saturating pulse may be 


explained as follows: If the mot ion arrives exactly at the place of the 


avert ion in the lattice, g, and the intensity of epr lines become zero 
when the external magnetic field is parallel to the trigonal axis of tne 
crystal. With randomly distributed pirt ions, the values of g, for the 
individual ions are different from zero, and the resulting non-zero 
contribution to the epr line is the greater the more the position of the 


+ 
pi? icon departs from the corresponding zero value of gy. Because of the 
random distribution of the ions in the crystal, ions with similar 
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The spin-lattice relaxation... B125/B10 


&-factors may be far from one another, which renders their cross. 
relaxation interaction difficult, on the other hand, this interaction igs 
very weak within the line owing to the small value of &i- R. P. Bashuk 
and A. S. Bebchuk are thanked for having Prepared the samples, and 

G. Mi. Zverev for discussiong, There are } figure and 2 Soviet references. 
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3/056/62/042/001/012/045 
9,257 (sho /0S5, 63, v4) B104/B102 
AUTHORS: Manenkov, A. A., Prokhorov, A. HM. 
TITLE: Spin-lattice relaxation and cross-relaxation interactions in 


chromium corundum 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42, 
no. 1, 1962, 75-83 i 


TEXT; The relaxation effects in the crt spectrum of Al single 


0 
2 3 
crystals were studied at helium temperatures. The relaxation times were 
measured with a superheterodyne radiospectroscope (9400 Mc/sec) by the 
technique of pulse saturation of paramagnetic resonance lines. This 
method (A. A. Manenkov et al., ZhETF, 41, 100, 1961) allows to separate 
the effects of spin-lattice relaxation from those of cross relaxation by 
saturation with pulses from 0.8 psec to 1 sec duration. In the single 


crystals, 0.05, 0.1, 0.15, 0.4, and 0.65 % of al’* ions were replaced by 
3+ ions is assumed: : iX 


cr?* ions. <A four-level scheme of Cr 
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Spin-lattice relaxation and... B1G4/B102 


and it is presupposed that no spin-lattice transitions take place vetween ; 
levels 1 and 3, 1 and 4, 2 and 3, and 2 and 4. If the transitions induced XX ‘ 
“y an external field are less probable than spin-lattice and crogss- il 
Telaxation transitions, the difference between the populations of the four 


levels can be given by —--.. _.. pt reat = 
Ant = A exp (ait) + B exp (ast) +- Ani, (3) 


Ang = A exp (a,2) —Zexp (Gof) -+ An’, 


a, int/Ty, a, = afl, - 1/2 53 Toe m/(1+8m)w, where T, is the spin- 


2 Pitt 
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Spin-lattice relaxation and. . B104/3102 


lattica relaxation time, wis the probability of cross relaxation, and 
Moe 125 Bee 4 Normally, Ti o€T,. Therefore, a, in (3) characterizes 


the auin-iattice relaxation. The experiments proved the existence of 
different relaxation times (Tables 14 and 2) in Specimens with a 


Oro" concentration of 0.15 %. Relaxation curves Which can be des: 

one exponential function were observed on Specimens with Cr7* 
tions of 0.05, 0.4, and 0.65 %. These curves correspond to spin-latti<- 
relaxation. B, I, Kochaley (DAN sssp, 151, 1053, 1960) anac, x, Zverey 
(ZhETP, 40, 1667, 1961) are mentioned. There are 5 figures, 4 tables, and 
12 references: 5 Soviet and 7 non-Soviet,. The four most recent references 
to English-language publications read as follows: J. g, Pace, D.F. Sampsen, 
J. S. Thorp. Proc, Phys. Soc., Tl; 257, 1961; B, Bolger, B. J, Robinscn. 
Physica, 26, 133, 1960; R. A, Armstrong, A. Sabo, Canad. J. Phys., 38, 

1304, 1960; J, RB, Geusic, Phys, Rev., 148, 129, 1960. 
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B1i02/B138 - 
AUTHORS: Manenkov, Ae Aes Pech te 
RIPLS: The temperature doiendance of the spin-lattice relaxation a 


times 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, v. 42, 


no. 3, 1962, “eri -13574 


— 


amp: The temperature dependence of the spin-lattice relaxation times 
t,(T) in paramagnetic crystals is usually assumed as T, ~T ', a law which 
t 
ig known to be violated in certain cases. The authors studied in detail 1 


ne time dependence of the spin-lattice relaxation times for direct - » 
-sonance energy exchange between the spin system and the lattice. Two 

cial cases are considered: (1) A two-level system, in which... 
ibrium with thermal lattice vibrations is established eccording. to 


13 
ne law n,n ,zhexp( (-t/?, )+(n, rn aaa! the last term denotes the equilibrim 
difference ae population corresponding to Boltzmann distribution. In 


this es the sought dependence is Tw? a Only when level splitting is 
Card 1/2 ; 
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38 


The temyerature dependence of the ... 3102/31 


very high (hu, > kT), T, is almost temperature independent. (2) A- 

YSt er £ ti ; 70) B,n,E B.-E “KY Bn,- ° YS k? 
system of three levels: (a) By) By Sy) B,-E, (CuT, E,-Eyp kT. If hy, kT, 
in 
2 
Zz 


“n, = A exp(a,t)+(nz-n5) with Ty=-1/a,>, 1/w, 56 ¥,; ia the probability 7, 
ie] 


a transition EE, . In this case the temperature dependence of the 
relaxation time is very weak and at hv; kT it vanishes. (b) E;-EY kT, 


EA-E. / kB, * moe io ar -n = =. 
B,-E. © k For nV, 0? kT, for the 2*1 transition non, Aexp(a,t)+(n, Dep 


ry a-t/a,xt/y5, i. e. the temperature. dependence is strong (exponential). 


@ results indicate thet the temperature dependence of the spin-lattice ' 
elaxation time depends on the relation between level splitting and kT, 


ti +3 
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ZVEREV, G.M.; PROKHOROV, A.M, 
Electron paramagnetic resonance of rutile containing cobalt, 
chur, eksp. i teor, fiz. 43 no.2:422-425 Ag '62, (MIRA 16:6) 


1. Institut yadernoy fiziki Moskovskogo gosudarstvennogo universiteta, 
(Paramagnetic resonance and relaxation) (Rutile) (Cobalt) 
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AUTHORS : Prokhorov, A.M., Fedorov, ¥.B. a 
TITLE: Antiferromagnetism of free radicals 


PERIODICAL: Zhurnal ekeperimental'noy i teoréeticheskoy fiziki, v. 43, 
no. 6 (12), 1962, 2105-2109 


B-picrylhydracyl (I) is investigated. The @.p.Tr. spectrum of this 
radical was measured at 42 Me in the range 4.2 - 0.15°K. Below 1 K the 
integral intensity of the e.p.r. lines vanished; this is explained by 

a reconstruction of the energy spectrum of the system of magnetic moments 
of the unpaired electrons (each of the I molecules has one) and their 
transition into an ordered antiferromagnetio state due to exchange 
interaction. Three samples of I, crystallized from their benzoleic 
solution, were investigated: two triclinic single crystals and 
crystalline powder. They were cooled down to 0.15°K by means of 
adiabatic demagnetization of jron-ammonium alum. The constant magnetic 
field was modulated with a frequency of 0.5 ops in order to observe — 


TEXT: The chemical stability of the organic free radical aa-diphenyl e 
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8/056/62/043/006/023/067 
Antiferromagnetism of free ... B102/B104 
: 4 

| + Yesonance absorption. The signal-to-noise ratio was ~100 when working 

» i with the large crystal (25 mg). The absorption line appearing on the 
‘oscilloscope screen was photographed. The integral. line intensity a 
wag determined as a product of line width 4H and amplitude I. For the 
large orystal up to T¥0.35°K, s « const/(T40), where @ = 0.35°X. Below 
that temperature s dropped faster than according to this law and it 
reached zero at T#0.18°K. The main change in s was observed between : 
0.2 and 0.3°K.: The curve s=s(1/T) did not depend on the orientation of 
the crystal with respect to the magnetic field, the position of its 
maximum was independent of T within 10% limits of error. As the 
imaginary part of the magnetic susceptibility had a single maximum at 
about vo = gBH/h, s =H" (u)av, and, acgording to Kramers-Kronig, the 


| static susceptibility % = 7 '(0) = 2 (vas , or, if AVY; 
: oO 4 y 2 ‘ Oo 
k i 2a/nv,. Therefore the relation ssconst/(T+8) expresses the ; 
Curie-Weiss law, @ being the paramagnetic Curie point. Since 4 
QV = acav >/, where ve is proportional to the exchange integral 
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Antiferromagnetism of free .., B102/B104 


i 
(Rev.Mod.Phys., 25» 269, 1953) one can determine the magnitude of 
exchange interaction from the e.p.r. line width. .There are 3 figures, 


ASSOCIATION: Pizicheskiy institut im. P.N. Lebedeva Akademii nauk SSSR 
(Physics Institute imeni py, Lebedev of the Academy of 
Sciences usSR) 
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PERIODICALS 
ext: western ané Soviet gtudies during the period 1932 - 4962 concerning 
the progress in the application of paramagnetic eryotals for ouiicing 
suantum dgovices are reviexed. In these devices, which are used in the 
temperatures are procuced by wa 
energy levels — 


and optics, negative 
Tne following probleas are 
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3/053, 62/077/001/001/003 
Application of paranagnetice.. B1i17/Bi112 


egtaplisnuent of highly accurate trequoncy standards for various purposes; 
cevelomnent af low-noive paramagnetic aupliriers of tne radio range und of 

oot foal guneratora neving o hich aegroa of conerence and high spectral 
raétation density. Phe quick progress of quantua electronics and its pro- LL” 
mising prospects, are tne consequence of its development on the basis of —_ 
alreséy existing technology. ?rogress was first achieved -in the radio 

range, ona Jater in the optical range. At present work ia in progress in 
geveloping the entira range, including the guomiliimeter- and distant 

infrared range. There are, 27 figures and 134 references: 45 Soviet-bloo 

and 99 non-Soviet-oloc. The four most important English-langmge refer- 

ences aro: J. H. Singer ané S. wong, Second International Conference on 
Guantus Electronics, Berkeley, 1961; - G. Vagner and G. Birnbaum, Second . 
International Conference on Quantun Electronics, Berkeley, 1961; 

i Hellwarth, Phys. dev. Latte, ve & 19 (1961); A» Le Schawlow, 

Devlin, Phys. Rev. Lette, Vv» 65 96 (1951). 
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Quantum laser with traveling wave. 


Report submitted to the Third Intl. Symp. on Quantum Electronics, 
Paris, France 11-15 Feb 1963 
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“Ammonia maser with disk resonator.” 


Report submitted to the Third Intl. Conf. on Quantum “lectronics, 
Paris, France 11-15 Feb 1963 
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, AMPLIFICATION IN THE 3-cm BAND (USSR) 
arn ova, Ye. K.. N. v. ‘Kairlov,. A._M.-Prokhorov, and Ye, G. Solov'yev. 


fhory'i tekhnika eksperimenta, no. 2, Mar-Apr 1963, 107-110. - 
ee of egies 2 Sse 5 ee BREN -  $/120/63/000/002/025/041 


Penformance and construction details are described for a 3-cm traveling-wave 
‘mager which used a waveguide section containing two ruby rode attached along 
“: the base of a comb delay array on opposite sides of'the teeth, The ruby had a 
on oF ‘concentraticn of about 0.07% and was 2 mm in diameter by 100 mm long; 
~* the 

“hf magnetic field was elliptically polarized in the plane of the comb,with its 
“major axis normal. to the traveling-wave line of propagation, in such a manner 


of the comb array exceeded backward-wave density by 25 times. Meastrement 
of energy density in the delay section was achieved by comparison of the EPR’ 
“absarption line intensity ina DPPH sample, when the latter was located alter- 
‘nately in the feed-in and delay sections of the waveguide. The amplifier was. 


red (isolating) ruby rod had a Cr3* concentration of 1to 2%, The external — 


that ‘at.an eccentricity of 1.5 the energy density of the forward wave on one side — 
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operated i ina s nitropencttee He chest ‘type KP-09, which included magnetic ~~ 
~~ shim disks to achieve a uniformity of external field of + 1-gauss over-the 100-mm _ 
oa working length, “Amplifier performance, with a pumping wavelength of 1.2cm —— 
*->-and external field of 4300 gauss showed 10 db of clean gain at 4,2°K He tempera- 

_. ture, and 21 db st 1.8°K, The bandwidthexceeded 20 Mc. Critical dimensions and ‘ 
wie alignments of the maser elements are discussed: eee of the delay 

Q element as well. as whe overall enclosed system are included. pant {SH] 
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me aa 6 3104/3186 
AUTHORS: Kaytmazov, S. D., and Prokhorov, A. lft ——- 
TITLES: E.p.r. spectra of HOW: OH, D0, and OD radicals 
PZRIODICAL: Fizika tyerdoge tela, v. 5, no. 1, 1963, 347-348. 


TEAT: The e.p.tr. spectrum of frozen 450, (at 779K) was studied at aqueous 


peroxide concentrations ranging from 3 to 0.01%. When changing the 
concentration, the spectra changed from a form which is characteristic of 


tne HO, radical obtained by irradiation of 98% .B,0,, to a form which is 


cnaracteristic of the OH radical obtained by y-irradiation of H,0. The 
spectrum of the HO, radical differs from that of the DO, radical obtained 


at high D concentrations in the absence of the doublet at 12 oe. At low 


ie) 
2-2 
concentrations, the e.p.r. spectrum obtained on irradiation of Dolo, showed 
a triplet with a total splitting at 15 oe instead of the doublet at 45 oe. 

Thig indicates that the doublet (triplet) ig formed by a hyperfine splitting 
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Fig. E.p.r 
*P-T. spectra of irradiat d 
( iate 10, solutions of different concentrations 
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Spinelattice relaxation of Ye? Tin CaFo, Fiz, tver. tela 5 
n0,12359-360 Ja '63, (MIRA 16:1) 


1, Fizicheskiy institut imeni Lebedeva AN SSSR, Moskva. 


(Paramagnetic resonance and relaxati¢n? 
(Ytterbiun) (Cadmium fluoride) 


APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5" 


"APPROVED FOR RELEASE: 06/15/2000 CIA-RDP86-00513R001343120011-5 


SPINS UREN ES ERS TUG TREE MT sREENS ate = 
ZS NEES ASSES TRIES: BRETT BEES RAYE! Gy ie ech es ENR Menace NO 
bots = 2 5 im FEY EEE LOSE as SHES He 


3 
3 
{ 
| 
a 
4 
J 
1 
x 
} 
4 
4 
i 
\ 


PRO KHOROY, Al WM. 
AID Nr 975-13 23 May 
EPR OF Tm** IN CaF, (USSR) 


Pashinin, P. P., A. M. Prokhorov, and V. T. Udovenchik. Fizika tverdogo 
tela, v. 5, no. 4, Apr 1963, 1221-1222. $/181/63/005/004/045/047 


Fluorite single crystals obtained by vertical zone melting in a vacuum were 
used to study the EPR of Tm?*in CaF,. The major portion of thulium entered 
the crystal lattice in the form of Tm3* ions rather than Tm?* ions; However, 
the Tm" ion concentration was increased by x-ray irradiation of the crystals. 
EPR was observed at 9250 Mc with temperatures of 4.2 and 60°K. The spec- 
trum consisted of two superfine lines, separated by 228.8 +0. 3 oe, whose 
position was independent of magnetic field direction. The superfine structure 
factor A for Tm*®? was found to be (367. 5 -+ 9, 5)-104cm~}, and the g-factor to 
be 3.452 £0. 002; these values are very close to the theoretical. By using the 
two factors, along with the spin-orbital coupling factor obtained by Kiss, the 
nuclear magnetic moment Py of Tm2®9 was found to be -0.193 -: 0.003. [BB] 
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ee “TOPIC macs: apin~lattdce relaxation, pingle~phonon ‘prncess, m3* san ‘titanium | 
sat doped coruntim, electron paramagnetic resonance, pulse-saturation meshed. 


Bay. ABSTRACT: The apin-lattice relaxation of the T13* ton in eorundia has asa. 
“. studled by the pulse saturation method. Experiments were conducted using a 
| superheterodyne spectroscope in the -3-cm band. A cryogenic cavity vas employed 
> which allowed rotation of the sample aroua two mutually perpendicular axes and — RY 
m  . thus permitted all possible orientations of the crystal axis with respect to the . i 
1 externall magnetic field for erystals with axtal symmetry. The temperature de- _ i 
mB . i -pendencs of spin-lattice relaxation in the 1.7 to 3.5K range was determined. _ {> 
i It was: shown that below the 2x relaxation {1s determined by single-phonon processes.., 
~ , and the relaxation time varies as e exp(d/ikf) at d = (30 £3) cm71, The dependence Ue : 
= of relaxation time “in single-phonon processes on the external magnetic field. 
a determined on the basis of other peletiousaiys and the velue of the. = ery 
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PASHININ, P.P.; PROKHOROV, A.M, 


Spin-lattice relaxation of the Fe?+ jon in K3(Co,Fe) (CN)g. Fiz, 
tver tela 5 no.9:2722~2723 S '63. (MIRA 16:10) 
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KARLOVA, Ye.K.; KARLOV, N.V.; PROKHOKOV, A.M; SULOV'YEV, Ye.G. 
Traveling-wave quantum amplifiers in the three-centimeter band. rrib. i 
tekh. eka. 8 no.2:107-110 MrAp '63, (MERA 16:4) 
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a TITLE: Generation by a laser during instantaneous Qeswitching 
ee SOURCE: Rediotekhnixe 4 elektronika, v. 8, no. 6, 1963, 1073«1074 


| MIO 05: potting ener, nigger pulse 


= ABSTRACT: .A theoretical. study has been carried out ‘to determine the conditions 
o> under ‘which maxima power output is obtained ‘from a laser operating in the 
 . Qeswitching mode and employing either Kerr cells or mechanical devices. 
Equations describing these conditions -are set up in terms of energy density 
> dn the crystal, cnegative absorption factor, emission frequency, speed of 
- ddght-in' the crystal, and ‘the. difference in the density of particles at upper 
“and. lower energy levels. The maxinum energy density is determined, peak 
. power is derived, and pulse duraticn is calculated. Numerical results are 
_ derived for a ruby rod with a length of 5 cm, a crossesectional area of 
. 2 cm sup 2, and an ton density of 2 x 10 sup 19 om sup -3. At full population 
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_»dnversion. the negative absorption factor is @bout 0,4. cm sup =l. Under the 
“2 assumption . that the ratio of the negative to the equivalent absorption factor 
“sso (which includes’ ali losses) is 0.3, ‘the peak power emission including 211 
-  lossesis -ebout 10 sup 10 w, the time at which energy density reaches half 
the maximum value is 5.x 10 sup’<9 sec, and the time during which the energy 


density remains ebove half the maximum value is 2 x 10 sup «9 sec. In this 
* last. period the energy expended is about 11 joules. Orig. art. has: 11 


2 assoctamtar: none 
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- AUTHOR: _Barchukov, A I.; Prokhorov, A. M.;3 Savranskty, V. V, , 7 
On 


TITLE: Biharmonic regime of an emmonia-beam wioex?™ 

+ 
SOURCE: Radiotekhnika i elektronika, ¥)s, no. 9, 1963, 1641-16)2 
TOPIC TAGS: ammonia-beam maser, beam maser, maser 


ABSTRACT: Investigations of an emmonia-beam maser (line I = 3, K = 3, 

A = 1.25 cm) using a disk cavity have shown that under certain conditions there 
is a similtaneous generation of a number of frequencies with a frequency dif- 
ference from several hundred cps to several kc, depending on test conditions, 
For instance, by applying a constant electric field of the order of 30 v/co 

to the cavity disks a difference of 5.4 ke is attained; with a further voltage 
increase the oscillation is disrupted. Under ordinary conditions the beat fre- ene 
quency was about 3.8 cps. The investigations have demonstrated the existence 
of at least two types of oscillations in the region of the spectral transition 
line, separated by about 20 Mc, with a Q-factor of about 7000 to 8000 for one 
type and of less than 1000 for the other, The existence of the biharmonic 
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creases wit, . 
cary . an increase in nonuniform broadening, Orig, art, 
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“} qm. ‘Quantum 5 pranagnetic amplifier based on Cr? ort sona- in the ) rutite lattice 
fe SOURCES Radtotelhnika i. -elektronika, v8, ‘n0, 9 99 habs 1642-1645 a 


S ‘Torre TAGS: ont ant perauaunetic caiition. ‘paramagnetic ‘amplifier, quentum 
amplifier, ¢ +. tony: don, rutile » titanium dioxide, omplifier = 


LU ABSTRACT:: “Single-crystal: ‘rutsie( 405) ‘with a 0.1% admixture of paramagnetic 
ne Cr’* fons was employed in a ‘cavity-tuned enplifier operating on the l0-cm wave- 
* Jength at a temperature of 4.2K, ' The trigonal exis of the crystal wes perellel 
to the static magnetic field, so that the energy. Jevels of two nonequivalent 
Bo O* ton systema coincided, : The static magnetic field was formed by an electro-~ - 
oe ‘magnet using @ superconductive niobium winding, - A junction with magnetic quan~ 
“-)) tum numbers M = 41/2 was used between the lower layers for amplification, In 
-. the cavity the hf magnetic field of the signal was perpendicular to the ex- 
-- ternal magnetic field end to the trigonel crystal axis, With an amplifier 
fy ee gain’ of. ie a) the. perovers time for the asia, to settle at the 16-db 
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TOPIC TAGS: ‘inierowave estas: | rotational ‘transition, yportine, structure, ; 
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ABSTRACT; “the SSeCRBRt: aeiiy- of ‘CHgCl 1 waa ‘one of the Tropoaed gericd of avert 
; tions of the hyperfine structure: of molecules by means of a molecular beam‘ (micr : 
wave) ‘spectroscope: with a disk Yesonator with Stark modulation (T,M,Murina, Radio-~ |. 
_tekbnika 1 elektronika, 6, 1586, 1961). Specifically, the authors investigated th : 
“magnetic: hyperfine: struc ture of: the CH3Cl molecule associated with the rotational’ ’ 
Ja Owen Jim 1 transitions, As a result of: quadrupole Splitting of: the rotational | 
levels there should be observed. three transitions, but in the present experiments... 
only two. were observed: Fy = 3/2 Fy. + 1 = 5/2 (frequency 26598.59 Mc) and F} a 
i= ae 3 F) - la. aa. seme 26604,57 Mc). ‘The calculated and Saperimental | 
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“YEMEL'YANOVA, Ye.N.; KARLOV, N.V.; MANENKOV, A.A.; MILYAYEV, V.A.; PROKHOROV, A.M. 5 
SMIRNOV, S.P.; SHIRKOV, A.V. r 


Hisctron paramagnetic resqnance spectrum and spin-lattice relaxation of 
chromium and iron ions in qipc tungstate single crystals. Zhur. eksp. i 
teor. fiz. 44 no.3:868-869 Mr '63. . (MIRA 16:3) 


1. Fizichdskiy institut imeni P.N.Lebedeva AN SSSR. 
(Paramagnetic resohance and relaxation) (Zinc tungstate crystals) 
(Ions) 
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AUTHOR; Prokhorov, A. | M, and Fedorov, V. B. 


PET ‘ Supplemant to the paper "The antiferromag Gatien oF free 
Sos sen reddealst /1/- be sty Soy ; aaa 
Zhurnal ekeperimental'noy 1 tekhnicheskoy fiziki, v. 44, no 3, 


2, 196, 1125-1126 


TEXT; The authors state the relation existing between the Curte temperature and 
. the width of the paramagnetic resonance absorption line » Which agrees with the 
experimental data in the paper mentioned. in the title (Ref..1: Prokhorov and a 
Fedorov, : y 43, 2105, 1962) and which concerns thea ¢. - diphenil-& - ptorii- = 
 chydrasi1 t 1 and T1°K.\ Further discussion of the changes in ths absorption width es 
m. and Curie temperature as function of temperature and the study of the corre sponding 
., orystal lattice indicate that the dd -dyphenil-f =picril-hydrazil represents at 
ce and below helium temperature a. system of magnetic momants closely Yesembling an 
a - assembly: of parallel linear chains. There is 1 figure. 


December 24, 1962 | 
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GENERATION OF MILLIMETER WAVES IN OPTICALLY PUMPED RUBY 
PAUpeR ey 205 Ses. ee ans ao 


‘o 


_ Zverev, G..M., A. M. Prokhorov, and A. K. Shevchenko. Zhurnal eke 
-, Menial'noy i teoreticheskoy fiziki, v. 44, no. 4, Apr 1963, 1415-1418, 
oer POST A ees che, an S/056/63/044/004/042/044 


peri- 


Experiments have been conducted using a ruby laser at 77°K to pump a three- 
level ruby millimeter-wave’ (35-50 -109 cps) generator operating at the same 
-} , temperature. Emission from the nitrogen-cooled ruby laser passed through 
..}>. @ system of mirrors and a lens onto the end of a nitrogen-cooled ruby which 

| served as a millimeter-band resonator and whose c-axis was perpendicular to 

Me the external magnetic field. Emission from the generator ruby was detected 

1. by a veflector-type superheterodyne radio spectroscope which also controlled 
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4 AUTHOR: _Askar'y an,-G, A.; Prokhorov, A. M.; Chanturtya, G. F.; g / 
oe ee 


- Shipulo, G; P; 
TITLE: Lase¥ beam in quid ~ i 


| SOURCE: Zhurnal eksper. {(teor, fiziki, v. 44, no. 6, 1963, 2180-2182 


hes: TOPIC TAGS: laser effects, photohydraulic effects, laser beam in 
GUIS ce eerie Say Seed ceca ea eee 


of ABSTRACT: An experimental study of the effects of focused and un- | 


focused laser beams on liquids had been carried out, A ruby laser with 


_  & beam pulse duration of approximately 1 microsec was used, Bubble 

~ formation due to focused and unfocused beams was observed and photo- 

_ graphed in water, In ordinary tap water the formation of bubbles ceased 
with de creased beara intensit » while in gassed water no such decrease 
was observed, Special control experiments showed that light scattering 
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~ takes place on the bubbles and not on inhomogeneities in the Hquid. The 
.\ size of the bubbles and the light scattering"parameters were calculated, 
, An oseillographic study of the scattering process showed that scattering 
changes in time and that the scattering centers increase the scattering 
effect. -Photohydraulic effects occurring during focusing of the beam 
| .néar or.on the surface of.a plate immersed in liquid were noted, Ex- 
. Plosive local boiling, downward and upward motion of the plate, changes 
.. in the nature of the orifice drilled in the plate by the beam, rupturing of 
|. .the vessel by shock waves, and ejection of liquid from the impact area 
, were also observed, Increases in the absorption of light by the water, 
-- brought about through addition of copper sulfate, led to a sharp increase 
- |. in the intensity of photohydraulic effects. The height of the ejected stream 
- +’ peeched one meter,. and in some cases almost all the water was ejected 
|. from the vessel. - "In conclusion the authors express their gratitude to 
oh > MW. S,-Zuyev and V. K. Konyukhov for participation in the preliminary 
_ = ;-. .€xperiments with gassed liquids conducted in the summer of 1962." 
f . .:Orig.. art. has: 2 formulas.,. 4°: 2 
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KONZUKOV, V.K.; KULEVSKIY, L.A.; FROKHOROV, A.M. 
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Ruby-operated laser with a generation laagseh: of ~~i10 msec. 
Zhur. eksp. i teor. fiz. 45 no.4:857~-862 0 '63. (MIRA 16:11) 


1. Fizicheskiy institut imeni P.N.lebedeva AN SSSR. 
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% nyukhov, V. K., L, A. Kulevskiy, and A. M. Prokhorov. IN: Akademiya : 
' ;Rauk SSSR, Doklady, v. 149, no. 3, 21 Mar 1963, 571-572, 


$/020/63/149/003/012/028 


Spectral components of ruby laser emission corresponding to laser transitions 
to the + 1/2 and + 3/2 components of the ground state have been studied at 77,4°K, 
A light-pink ruby sample 6 mm in diameter and 60 mm long was used, with one 
end silver-coated and the other uncoated, The laser beam was passed through 
a Fabry-Perot interferometer with a 0.20-cm air gap into a long-foeus camera, 
where it was either photographed on red-sensitive film or separated into the 
tyo cornponents by a mask, In the latter case each component was detected 
separately by a photomultiplier, and the two signals were registered by a 
dual-beam oscillograph, Near the laser threshold only the + 3/2 (short-wave) 
component was observed, the other appearing at higher pumping energies. The 
frequency difference of the two components, calculated from the interference 
pattern (0.36 + 0.03) cm”? agrees, within the experimental error, with a 
value calculated from the splitting of the Cr3* ground state in the Al,O, lat- 


tice (the ground. state being determined by EPR methods). It was determined 
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STUDY OF RUBY [Cont'd] 5/020/63/149/003/012/028 


_ that the components carry different fractions of the output energy: near the 
threshold the short-wave component carries most of the energy, while the 
long-wave component increases to 2] + 1% of the short-wave component con- 
siderably above the threshold. The time variation of the two components 
was shown to be quite dissimilar. The short-wave component was generated 

-in0.5 to 0.8 psec, and its duration increased with increased pumping energy; 
the long-wave component was generated in 0.1 to 0.15 psec, and its duration 
decreased with increased pumping energy. [BB) 
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AUTHORS : Gasenov, Ee Mo3 Prokhorov, Be Me; Fedorov, Ve Be 


TTTIR: Paramegnetic relaxation in systoms with strong exchange interaction at lov 
temperatures . 


SOURCE: Fizika tverdogo tela, Vv. 6, no. 1, 1964, 193-199 


TOPIC TAGS: paremagnetic relaxation, excnonge interaction, low temperature, Alpha 
Alzhe diphenyl Beto picrylhydrezine, mogactic ordering, absorption line, integral 
ibensity, Zeeman subsystem, cxchange eubsystem 


AGHA Se: «Tu experiments on electron paremagnetic resonance in the free orgonic 
raddcLa~ GL acry1-plerylbydrazine ct 2 Me the authors observed, along with an 
inerease in absorption line width, an increase in reloxation time between Zecnon 

and exchange subsystems wien the temperature was reduced fran 77 to 1.5K. Accord- 

inz to theory and. same experiments, et extremely cold temperatures the relaxation < 
time should becane shorter when the width of the line is tnereascd. The duserepan- 

cy between experiment and theory 4s apparently due to the difference between. 

properties of the spin systems in the organic crystal studied and those of a 
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ACCESSION NR: AP4011756 


purely paramagnetic system. This difference appears in local magnetic ordering 

of spins at low temperatures, which is ossociated with increases in the value 
I/kf>1 but which is not substantial in experiments at frequencies on the order 

of 10,000 Me with a large exterma2l magnetic field. This local ordering is indicied 
by a decrease in the integral intensity of the absorption line at temperatures or 
about 2.0K. Near magnetic ordering indicates the introduction of a correlation 
between the exchange interaction of verious spin pairs, and, consequently, dimin- 
ishes (Por constant intensity) characterizing an exchange constriction of the 
absorption line. An increase in relexatio time means an increase in the characte» 
istic frequency of the exchange subsystem in which the relaxation process occurs; 
given magnetic ordering, which changes the energy spectrum of the exchange systen, 
this increase in frequency may be considered probable. Orig. art. has: 2 figures 
and 15 formulas. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva AN SSSR, Moscow (Physics 
Institute AN SSSR) 
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AUTHOR: Martirosyan, R. M.; Prokhorov, A. M. 


; TITLE: Quantum paramagnetic amplifier with coupled resonators for decimeter | x 
. band ‘ 
= GG. 
| SOURCE: Pribory* i tekhnika eksperimenta,/rno. 1, 1964, 106-109 


TOPIC TAGS: amplifier, quantum amplifier, paramagnetic amplifier, two 
resonator quantum amplifier, decimeter band quantum amplifier, radioastronomy ' 


ABSTRACT: A superconductive -winding solenoid provides a highly stable 
constant magnetic field (about 2,000 oerst.) and reduces the weight of the 
amplifier to 10 kg. Both the active (cr** in Al,O,) and the passive resonators 
are of a hollow-microstrip type. Experimentally determined characteristics of 
‘the above design have shown that the product of gain and bandwidth is 2.5 times oe 
. | higher than that of a one-resonator amplifier. The amplifier is intended for i ot 
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; radioastronomical application, particularly in studies of monochromatic radiation 
of galactic hydrogen. Priority is claimed with. respect to a similar amplifier 
described by K. L. Kyhl, et al., in Proc. IRE, 1962, 50, 7, 1608. Orig. art. 
has: 5 figures, } oe and 1 table. 


_ ASSOCIATION: Fistcheskly institut AN'SSSR (Institute of Physics, AN SSSR) 
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i: On the critical sensitivity of receivers of electrouagnetic radiation ; 
“adlotekhaika 4 elektronika, -v.'9,.no.12, 1964, 2088-2093 e 


“)QOPIC TAGS: submiliimeter receiver, optical frequency receiver, superheterodyne 
~veceiver, receiver sensitivity, critical sensitivity, maser, laser 
; ; ee | 
{ 


; ABSTRACT: The limiting sensitivity of. receivers ig considered analyticaily for 

tc. all frequencies ‘in’ general, and for the submillimeter and optical frequencies in |; 

}. particular. N {ndependent modes are assumed in the receiver. Special distinction 
‘ig made of the case of linear reception of a coherent signal retaining phase in- | 
Formation, where the sensitivity limit is imposed by the amplitude-phase ambiguity. 

.' Bxpressions are given showing that in the case of maser receivers at high pumping : 
..; Jlevels, the limiting sensitivity of coherent signal receivers does not depend 
“| pon frequency. The authors also consider the sensitivity of coherent receivers 
as a function of the number of modes. If the input system is designed to limit 
the propagation of a monochromatic signal to a single mode while noise is present |) _ 
in all the modes, the sensitivity of the receiver can be sharply improved. Orig. 

‘are. has: . 23 formulas. 
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a AUTHOR: Martirosyan, R. M.; Prokhorov, A. M, 

IT LE: Qua nt m paramagnetic amplifier with active resonators ata zl-cm wave 8 
: SOURCE: Radiotekhnike : elektronika race 12, 1964, 2094-2098 

gate AE 5: “quantum paramagnetic amplifier, Se amplifier 


ABSTRAG’ Experimental data ‘on the characteristics of a quantum paramagnetic -. 
amplifier (QPA) operated at 1 420 Mc and having two coupled active paramagnetic- 
‘containing resonators is supplied. Two quarter-wave microstrip resonators 

< mounted in-a square 17 x 17-mm waveguide were coupled through their end 

oe capacitance (design sketch supplied). A 2,000-oer magnetic field was obtained 
“frora a superconductive Nb solenoid. Cr & of 0.04% concentration was used in an 


AIG. lattice. As compared with the two-resonator system with an input passive 
5 Pp y pa 


. circuit, the QPA has a much higher gain * bandwidth product; the QPA also has 
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sthe advantage in a more stable gain. The QPA characteristics well agree with 
:: theoretical calculations. "The authors wish to thank I. B. Matrosov for his help 
'” in experimentation, " Orig. art. has: 3 figures, 1 formula, and 1 table. 
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>) 
TITLE: “R-absorption lines of ruby 
SOURCE: ‘Optika 1 spektroskoptya, v.16, no.1, 1964, 58-62 


TOPIC TAGS: .R absorption, R levels, R line luminescence, ruby, optical pumping, 


lasers, luminescence lifutine 


ABSTRACT: Although there have been Many investigations of the luminescence ad'Plines 
of ruby, hitherto there have been no detailed studies of the absorption in the re~ — 
gion of these lines. Study of the absorption can yield inforaation on the frequen- 
cy variation of the absorption coefficient, @(¥) » and the temperature dependence of 
Q(v)dv, which is indicative of the temperature variation of tha matrix element of 
the dipole moment. In the present work the R~line absorption of ruby (Cr203 concen 
tration 0.04% by weight) was investigated at 16, 60, and 95°C, fhe measurencnts were 
performod with the aid of a DFS~13 diffraction grating spectrograph (dispersion 4 
R/mm) with photographic recording and a DFS-8 grating spectrograph (G X/mm) with 
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photoelectric recording. The valuos of @(¥) for the R,’and Rg* lines are 0.315 and,. 
0.24, respectively, and are virtually temperature indepe~dent in the 16 to 95°C ten- 
perature range. Reabsorption was found to be negligible under the given conditiors. 
The luminescence lifetimes of the R}: and Rg*lines, calculated on the basis of the : 
experimental data,arc of the order of 2.9 and 4.2-microsec, respectively. The rela- 
tive intensities of the R luminescence lines are proportional to the populations of 
the respective levels and inversely proportional to €(R). The R2/R, intensity rat- 
., io for T m 93°K, derived from the present data, is about 0.43, which is in exact ! 
’ “agreement with. the experinental .value of N.A.Tolstoy, Liu Shun-fu, and M.E.Lapidus . 
-» (Opt.i spektro. ,13, 242, 1962).;~. Orig.art.has; 14 formulas, 2 tables, and 1 figure... 
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SOURCE: Zhurnal eksper. i teoret. fiz., v. 46, no. 1, 1964, 386- — 
. 389 - ; 
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hibit stimulated emission at room temperature was SrP, (L. F. John— . 
son, J. Appl. Phys.,v. 34, &37, 1963). The authors report tests c"% 
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| ABSTRACT: The only fluorite doped with Nd previously found to ex- -- 
| 
| 
| Card 1/3 
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crystals grown from the melt in a fluoriding atmosphere by lowering 
the crucible. Emission was observed in crystals with neodymium 
oxide concentrations 0.3 and 1.5%, the approximate wavelength being 
1.047 micron, The system was excited by absorption of light from a 


flash system at 14,000 cm above ground level. Emission correspond~ 


; 4 4 r 
_ed to the P3/2 _ T13/2 transition. The illuminating system con 


sisted of an elliptical system with the crystal in one focus and the 
flash lamp (80-mm glow column) in the other. The time devendence 
of the radiation was determined with a photomultiplier and oscillo- 
scope. The structure of the radiation was determined with a spec- 
trograph having a 600 line/mm grating. For the crystal with 0.3% 
neodymium oxide the emission line width was approximately 3 A (4 
fine structure components), increasing to 5 A (12 components) for the 
1.5% crystal. “The authors are grateful to V. V. Osiko and Yu. K. 
_Vororfko for supplying the fluorite crystals and for fruitful dis- 
cussions.” Orig. art. has: 2 figures, ; 
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TITLE: Excitation and ionization of atoms in a strong radiation 
‘field 7 
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| , SOURCE: Zhurnal eksperimental‘noy i teoreticheskoy fiziki, v. 46, 
NOs 3, 1964, 1090-1097 
i : 


i : 
TOPIC TAGS: radiation field, strong radiation ‘field, laser radia- 
‘tion fieid, hydrogen atom excitation, hydrogen atom ionization, 

; hydrogenlike atom quantum transition, monochromatic strong field, 
;cizcularly polarized strong field, quasiclassical approximation, 
erie ionizing field . 


' ABSTRACT: It is shown first that the electric field produced by a’ 
j taser (~3 x 108 V/cm for a beam with 10 p diameter) approaches the 
ee of the enteraccmte field (~5 x 109 eV/cm for the hydrogen 
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- atom in the ground state), It is then shown that at such field in- 
. tensities the quantum transitions that follow fron ordinary pertur- 
bation theory will no longer be observed, and if the time of inter- 
action between the field and the atom is sufficiently long the lat- 
ter is most likely to be ionized rather than excited to a bound 
state, even if the field quantum 18 much lower than the ioniza- 
tion potential. The general character of the quantum transitions 
in hydrogen-like atoms under the influence of a strong circularly- 
polarized monochromatic field is analyzed in the quasiclassical 
approximation. In view of the similar results produced by a strong 
radiation field and a strong de field (ionization), the concept of 
effective ionizing field is introduced and evaluated for strong 

; circularly-polarized monochromatic radiation. Orig. art. has: 22 | 
j formulas. 
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‘experiments made by others. at. “aot Mcs, the results obtained ‘contra~ i 
‘dict the: paramagnetic relaxation theory of Van Vleck and Kronig. It ; “= 
is shown that the observed Singularities of paramagnetic relaxation pee 
in ferrocyanide at low temperatures are due to weak exchange inter- . 
actions. in the. system of paramagnetic ions of iron. These interac- | 
tions do: not play an important role in experiments with Large mag- 
netic fields at: high frequencies. | The already published energy spec~ 
trum of the ion pairs in the cyanide ‘O£ iron is used to develop, 
under certain assumptions, a-mechanism.for the relaxation process, 
_wWhich' explains qualitatively the exnerimentallv ohserved facta A 
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S nonrad lative transitions of. the ‘ton paira é: -A decisive role ig indi« 
-@ated for ion pairs in the transfer of energy from the iron ions in 
the lastice at low temperatures in. low-frequency experiments. The 
“authors thank K. K. Svidzinskiv for a discussion and valuable re- 
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